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1 Introduction
Despite significant efforts to reduce the risk from natural
disasters, global disaster losses have been increasing in re-
cent decades (IPCC, 2012; UNISDR, 2015). In the light of
the projected rise of risk in many regions due to both the
effects of climate change and augmented exposure in risk-
prone areas (Mechler and Bouwer, 2014; Hallegatte, 2014;
Elmer et al., 2012), an improved understanding of the funda-
mental causes of disasters and the identification of the main
risk drivers are key to effective disaster risk reduction (IRDR,
2011). The third UN World Conference on Disaster Risk Re-
duction in March 2015 stated that disaster risk management
should be based on an understanding of disaster risk in all
its dimensions of vulnerability, capacity, exposure of persons
and assets, hazard characteristics and the environment. Such
knowledge can be used for risk assessment, prevention, mit-
igation, preparedness and response (UNISDR, 2015). In this
context, event-centred research based on a multi-disciplinary
approach is particularly suitable to learn from disasters about
the complex interactions between the natural hazard, tech-
nical installations and infrastructures, and the societal in-
stitutions and capacities (Kunz et al., 2013; Kreibich and
Thieken, 2009). This will help to improve the basis for in-
tegrated risk management and “building back better” (Merz
et al., 2010). For the example of fluvial floods, Kreibich et
al. (2017a) have compiled an international set of paired event
studies which reveal the potential of societies to adapt and to
reduce flood risk by learning from events. Further, regular
evaluations of the implemented risk management strategy in
the light of events, their management and consequences as
well as all involved costs are essential for an efficient adap-
tation to changing risks (Kreibich et al., 2014).
The special issue “Natural hazard event analysis for risk
reduction and adaptation” presents a series of contributions
on advances in the field of event-centred research. It covers
various aspects of methodological concepts including moni-
toring, analyses and structured documentation of natural haz-
ard events as well as approaches for their rapid evaluation.
Further, it contains analyses of actual events from a variety of
natural hazards including heatwaves, wildfires, earthquakes
and floods.
The special issue was organized as a result of the
EGU 2015 NH9.2 Session “Forensic Disaster Analysis –
Learning from Disasters” held in Vienna in April 2015 and
also includes some outcomes of the 3-year research period
of the Center for Disaster Management and Risk Reduction
Technology (CEDIM; http://www.cedim.de) on near-real-
time Forensic Disaster Analysis (FDA) from 2012 to 2015.
2 Event-centred research contributions
2.1 Methodological concepts, models and databases
Event-centred research aims to improve our understanding
about complex interactions between multi-faceted processes
in the natural environmental and socioeconomic systems.
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Deriving general conclusions from the analyses of events
is a challenge due to the uniqueness of each extreme event
and requires a structured approach. With the objective to un-
cover the main drivers for increasing disaster risk, Keating
et al. (2016) introduce a new methodology referred to as
post-event review capability (PERC). It aims to provide ac-
cessible, consistent and generalizable insights and practical
recommendations about disaster risk reduction, disaster risk
management (DRM) and disaster resilience. The methodol-
ogy is grounded on disaster resilience with three major com-
ponents: (1) systems (what component), (2) institutions (how
component) and (3) agents (who component), including in-
teractions with one another. In that sense, it goes beyond an
exclusive focus on DRM. All PERC reports follow a stan-
dardized procedure to ensure the holistic view by considering
five elements: (1) physical context of the disaster event, in-
cluding relation to other events; (2) socioeconomic disaster
landscape, including trends in physical and social vulnera-
bility; (3) exploration of the components of the DRM cycle,
preparation, response and recovery phases, including suc-
cess and failures; (4) key insights by identifying both drivers
of the success across the DRM cycle and critical gaps; and
(5) recommendations and opportunities for action in the fu-
ture including building back better, so that future shocks have
a lesser impact. By applying the PERC concept to seven se-
vere flood events on different scales in different regions of the
world, the authors succeeded in drawing generalizable con-
clusions across all events investigated. It is found that pol-
icy makers and practitioners in DRM face strikingly similar
challenges across extremely varied contexts, indicating en-
couraging potential for mutual learning and effective adapta-
tion.
Non-stationarity of natural and human systems, as for in-
stance induced by climate and global change, may induce
changes in the frequency of extreme events which in turn
impact the probability of failures and the outcomes of risk
assessments. Therefore, planning for adaptation needs to be
agile in order to take up these possible changes. In view of
increasing trends in natural hazards, Read and Vogel (2016)
propose the application of hazard function analysis as an al-
ternative methodology for describing the probabilistic be-
haviour of non-stationary natural hazards. Hazard function
analysis, with applications in medicine, economics, engi-
neering and many other disciplines, offers a well-established
set of tools for conducting a time to event analysis and for un-
derstanding the distribution of failure times for a given pro-
cess. However, the application of this methodology to natu-
ral hazard has not been investigated before. Hazard function
analysis comprises three primary functions: (1) the hazard
function, which represents the failure rate; (2) the survival
function, which describes the exceedance probability for the
random variable time; and (3) the cumulative hazard func-
tion, which accounts for the total number of failure events
over time. Read and Vogel (2016) link the probabilistic prop-
erties of the random variable time to failure with the proper-
ties of the exceedance probability for a non-stationary natural
hazard event. The two-parameter generalized Pareto distribu-
tion is used to introduce stationary and non-stationary mod-
els for natural hazard events for which the hazard function
analysis relationships are derived. Assumptions on small and
large trends in the data are used to exemplify the implica-
tions of non-stationarity on design. The results of their study
demonstrate the usefulness of the cumulative hazard function
as a metric for describing reliability over a certain planning
horizon. Such information may support the communication
of risks of failure associated with infrastructure design and
adaptation planning.
Another important aspect of event analyses is the use of
the gained knowledge for the development of operational
tools. In this respect, Balbi et al. (2016) demonstrate that
quantitative and semi-quantitative data can complement sub-
jective and local knowledge and how this knowledge can be
incorporated in an early warning system for urban flood risk.
Balbi et al. (2016) present a spatially explicit Bayesian net-
work model to assess the urban flood risk to people. Risk is
assessed in terms of the likelihood of non-fatal physical in-
jury, post-traumatic stress disorder and death. Model uncer-
tainty is quantified by providing probability distributions for
all of its outputs. The model application is demonstrated at
the lower part of the Sihl Valley, Switzerland, where the city
of Zurich is located. In this case study, the effect of improv-
ing an existing early warning system is assessed. Improve-
ments of the warning system comprise an increased reliabil-
ity and lead time as well as a larger number of people reached
by the warning. The Bayesian network model results indicate
that the potential benefits of an improved early warning in
terms of avoided human impacts are particularly relevant in
case of a major flood event.
Adaptation planning and risk mitigation strategies relay on
reliable and consistent empirical data. The structured docu-
mentation of events is therefore an important pillar for learn-
ing from disasters (IRDR, 2015). Empirical data from nat-
ural hazards are also essential for model development and
validation (e.g. Schröter et al., 2014). Menoni et al. (2016)
and Vennari et al. (2016) present approaches for event docu-
mentation and event databases. Menoni et al. (2016) present
a model to develop multipurpose complete event documen-
tations to support a more integrated interpretation of flood
events. The framework organizes available information af-
ter the event according to five “logical axes”: (1) exposed
sectors; (2) types of damage; (3) spatial scales of analysis;
(4) temporal scales of analysis; and (5) hazard, exposure
and vulnerability variables. This framework, together with
the complementing IT tools (Molinari et al., 2014), supports
multipurpose complete event analyses. The outcomes of this
structured and formalized analysis may be utilized for the de-
velopment of more effective risk mitigation strategies com-
prising the prioritization of interventions, damage accounting
and compensation, risk assessment and disaster forensic in-
vestigation. The application of this model is exemplified by
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the November 2012 flood event in the Umbria region, Italy
(Menoni et al., 2016). Vennari et al. (2016) discuss a novel
database of flash flood events in the Campania Region (South
Italy). Available database archive events only distinguishing
between floods and landslides, with flash flood events in-
cluded among the two categories depending on the subjec-
tivity of the database editor. However, flash floods are the
most frequent hydrogeological events in the area and more
knowledge about them is required for the mitigation of their
effects. Starting from available databases, all events in the
region were carefully analysed comparing available informa-
tion with the existing literature on flood events in Campania
and the geographical features of affected catchments. This
way, temporal and spatial information for 500 flash floods
was filtered. In order to reconstruct flood scenarios, flash
floods were then classified according to the main geological
and geomorphological parameters of the affected catchment.
This differentiation may be useful to understand the type of
transported bed load (coarse vs. fine-grained) and to charac-
terize the deposition area. Moreover, information about dam-
age to people and the society (i.e. damage to buildings, life-
lines and infrastructures) was collected. Such a database may
be useful in different ways: first of all, it may help to locate
the areas more susceptible to flash floods all over the region.
Second, it may facilitate local authorities in charge of land
management to select sites where monitoring and prevention
and mitigation works need to be adopted.
Additionally, empirical data are required for the rapid
assessments of hazard events to support disaster manage-
ment and coping with extreme events (Kunz et al., 2013;
Schröter et al., 2015). Volunteered geographical information
has the potential to be a useful source of information (Good-
child, 2007; Paul et al., 2017). In this regard, Fohringer et
al. (2015) investigate the usefulness of social media contents
for rapid flood mapping (as a basis for rapid damage esti-
mation). In particular, Twitter and Flickr are explored as po-
tential sources of information, i.e. photos from which spatial
flood patterns and inundation depths can be inferred. The pa-
per introduces the “PostDistiller” tool which allows filtering
information relevant for inundation mapping from the high
amount of posts. The tool also provides a visual interface
to analyse the filtered photos and to derive suitable data for
mapping. To investigate the usefulness of photos posted via
Twitter and Flickr, PostDistiller was used within the city of
Dresden during the flood in June 2013. The outcomes of the
application case are encouraging. In comparison with tradi-
tional data sources (i.e. satellite or water level gauges), social
media can provide data more rapidly, particularly in urban
areas where it is of great interest and alternative informa-
tion sources do not perform very well. However, inundation
depth estimates are still associated with uncertainty concern-
ing the timing, location and magnitude. Another weakness is
that social media information is not reliably available as it
depends on the random behaviour of humans. Nevertheless,
results obtained from the application case in Dresden support
the initial hypothesis that social media contain additional and
potentially even exclusive information that is useful for rapid
inundation mapping, but also more generally for improving
rapid flood assessments.
2.2 Event analyses
Novel methods, concepts and tools as listed above are an im-
portant basis for the analyses of and learning from natural
hazard events for risk reduction and adaptation. The follow-
ing contributions present findings from the analyses of actual
events and shed light on the potential gain in knowledge and
possibilities to use these insights for enhancing current ap-
proaches for risk management and adaptation planning.
In June 2013, wide parts of central Europe were hit by
large-scale flooding with associated damage of the order of
several billions of EUR. Thieken et al. (2016) explore what
kind of impact data are available on which level, what kind of
information can be retrieved from the data and how well data
and information fulfil requirements proposed for disaster re-
porting on the European and international levels. Special at-
tention is paid to the European Floods Directive that also re-
quires reporting on human health, economic activities, cul-
tural heritage and the environment. Information is gathered
from governmental reports, communications on traffic dis-
ruptions and surveys of flood-affected residents and compa-
nies. The study reveals that flood-affected residents perceive
psychological stress, reinstatement works and supply prob-
lems more seriously than financial losses such as damage
to buildings or household contents. The most frequent dam-
age type among affected companies was business interrup-
tion that was more widespread than damage to economic as-
sets or infrastructure elements. This finding confirms that the
current focus on direct losses is insufficient to estimate the
adverse effects of flood events. A major restriction to holisti-
cally investigate events such as the 2013 flood is the lack of
comprehensive, homogeneous, detailed and accessible data.
Concerning the European Floods Directive (and others such
as documentations proposed by IRDR), the authors conclude
that procedures and standards for impact data collection in
Germany are widely missing. The authors propose to build
up an information system where all relevant cost categories
including those for risk reduction and response should be in-
cluded. Such a system also enables a linkage of flood event
and impact indicators to get a measure for the improvement
of flood risk management strategies on the long term.
Another motivation for in-depth analyses of hazard events
is the improvement and testing of models to predict extremes.
The Bosna River flood in May 2014 in Bosnia–Herzegovina
was an extreme event with high impact on society and econ-
omy. Vidmar et al. (2016) provide comprehensive analyses
of precipitation and discharge data using methods of ex-
treme value statistics. Observed daily precipitation exceeded
100 mm locally and 4-day precipitation totals have been well
above 150 mm. The results show exceptional return peri-
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ods for daily and multi-day precipitation amounts above
100 years in large parts of the basin and even more than
500 years locally. The return periods for peak discharges and
flood volumes also exceed 100-year flood levels in most parts
of the catchment. The Bosna River basin (10 420 km−2) is
a complex hydrological system with varying response times
due to differences in soil and underground characteristics.
For instance, karstic underground leads to a delay in flood re-
sponse, similar to storage effects observed for the reservoirs
in the basin. Vidmar et al. (2016) show that for the May 2014
flood, prolonged precipitation led to the superimposition of
runoff responses from different sub-catchments and, conse-
quently, to extreme flood peaks. Furthermore, landslides and
debris flow altered the morphology of river beds and, thus,
streamflow response. These new insights into the hydrolog-
ical behaviour of the catchment system under extreme con-
ditions have been used to set up and validate a hydrological
simulation model for the Bosna River basin. This model is
used as a tool for reconstructing and analysing past floods, as
well as forecasting floods and planning of flood risk mitiga-
tion measures.
In a similar vein, Price et al. (2016) examine prescribed
burning as manmade events to test and improve models, as-
sess pollution risk and derive guidance for mitigating wild-
fires. Prescribed burning is conducted to reduce the extent
and potential damage of wildfires, but it produces its own
smoke threat. Price et al. (2016) undertake a detailed study of
smoke dispersal for one small and one large prescribed fire
in New South Wales, Australia. The approach comprised the
utilization of stationary and handheld pollution monitors, vi-
sual observations and rain radar data as well as a comparison
of the observations with predictions from an atmospheric dis-
persion model. The small fire produced a smoke plume about
800 m high and 9 km long with partly high particle concen-
trations. The large fire produced a 2000 m high and 14 km
long plume. Smoke from this fire collapsed to the ground
during the night at different times in different locations, af-
fecting a huge area including some towns. The atmospheric
dispersion model accurately predicted the general behaviour
of both plumes in the early phases of the fires, but was poor at
predicting fine-scale variation in particulate concentrations.
The model was not able to predict the night-time collapse of
the plume from the large fire. Price et al. (2016) conclude that
prescribed fires might have large impacts on communities,
which challenges science to improve the accuracy in smoke
dispersion modelling. More research is needed to better un-
derstand when and why such impacts might occur to provide
better predictions of pollution risk.
Monitoring of events is a central component of event anal-
yses. The use of multiple sensors and identification of mean-
ingful proxies for earthquake predictions is the objective of
Yildirim et al. (2016).They examine the correlation between
ionospheric anomalies in the total electron content (TEC) and
positional variations, on the occasion of the Mw= 6.5 earth-
quake, which occurred in the Aegean Sea on 24 May 2014.
The objective of the analysis is to investigate the possibility
of a seismic origin for ionospheric anomalies occurrence, in
order to early forecast earthquakes. Both the TEC and po-
sitional variations were computed from the analysis of the
Global Navigation Satellite System’s (GNSS) signal; in de-
tail, data of 15 stations were used, in a period spanning from
4 days before the earthquake and 7 days after. The analy-
sis shows that when TEC values at precise points (i.e. at
stations closer to the earthquake centre) are examined, at
specific times before and after the earthquake, these values
deviate and exceed the lower and upper limit TEC values.
Such tendency is corroborated by TEC values obtained by
the global ionosphere model of the Centre for Orbit Determi-
nation in Europe. Nonetheless, variations of approximately
10 and 3 cm were detected in the x, y and z directions, re-
spectively, 3 days and 1 day before the earthquake, at the
nearest station to the earthquake centre. Evidence strengthens
the possibility of seismic origins for ionosphere anomalies.
Questionnaires and surveys are another useful approach
to explore socioeconomic impacts of hazard events. In this
regard, the study of Kreibich et al. (2017b) compares two
household and company surveys in flood-affected areas un-
dertaken after the major floods in August 2002 and June 2013
in Germany. The objective of this study was to gain more
knowledge on how and when households and companies
received flood warnings and how they responded in 2002
and 2013. After 2002, great efforts have been made to im-
prove flood risk management including early warnings and
emergency response. It is found that the share of companies
that have an emergency plan in place has increased by a fac-
tor of 3 but is still low at 34 % of all surveyed companies.
According to the study, the warnings during the 2013 flood
reached significantly more people within longer lead times,
presumably due to improvements in the warning systems, in-
creased risk awareness and preparedness as well as the fact
that the evolution of the flood event was clearly less dy-
namic than in 2002. However, the authors still found room
for improvement of emergency communication and response
as well as link to early warnings. For example, in 2013 only
a third of the warnings contained information about recom-
mended measures and emergency responses. It is assumed
that an improvement of the warnings better supports and trig-
gers private damage reduction efforts and, thus, reduces ad-
verse effects from disasters.
Kunz-Plapp et al. (2016) analyse the subjective experience
of heat stress by urban citizens, using the heatwave of July to
August 2013 in Karlsruhe, Germany – marked with tempera-
tures well above 30◦ during 3 weeks – as an example. A sur-
vey of 323 respondents forms the basis to improve the under-
standing of the determinants for subjective heat stress in daily
life. The particular focus of this research is on learning about
the individual and social factors as well as factors of the ur-
ban built environment that determine subjective heat stress
in different contexts of daily life: in this context the extent
to which urban citizens experience heat stress, how the heat
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affects their health and what measures are implemented to
cope with it. Kunz-Plapp et al. (2016) present statistical anal-
ysis of the empirical data using descriptive univariate analy-
sis, bivariate correlations and multiple regressions to under-
stand what makes a difference in subjective heat stress and
to identify the main determinants for subjective heat stress
in general, at home and at work. Main findings are that sub-
jective heat stress permeates everyday activities, with health
impairments and the feeling of being helplessly exposed to
the heat as main determinants. At home, the characteristics of
the residential building, such as building type, floor level or
outdoor recreational elements, and the built environment, for
instance the distance to a public garden, play an additional
role. Overall, individual subjective heat stress is context de-
pendent and its determinants differ upon context regarding
the relevance and type. Regarding long-term strategies to re-
duce heat stress for urban citizens, structural measures for
heat protection of buildings, energy efficient refurbishment,
and including green space in urban planning seem appropri-
ate.
3 Concluding remarks
The contributions of the special issue “Natural hazard event
analysis for risk reduction and adaptation” provide novel in-
sights into the diverse aspects of analysing natural hazard
events. This covers both the understanding of key drivers
and coping capacities including preparedness, emergency re-
sponse and disaster relief. Learning from hazard events is
shown to be useful for the improvement and testing of mod-
els under extreme conditions. A prerequisite to gain addi-
tional insights and to increase knowledge is to closely moni-
tor events on the various levels reflecting the complex inter-
actions between the natural hazard, the technical installations
and infrastructures as well as the societal institutions and ca-
pacities. Novel ways of making use of data streams as well as
leveraging the potential of social media are interesting points
of departure.
In addition to having a good understanding of the haz-
ard event, which remains an important topic, methodologi-
cal developments, embedding insights into operational tools
and finding ways to support decisions on adaptation and risk
mitigation are required. The contributions also demonstrate
the complexities that arise from the multi-faceted aspects in-
volved in comprehensive event analyses and the challenges to
achieve a structured documentation of fragmentary, hetero-
geneous and incomplete data. Further, it is shown that policy
makers and practitioners in disaster risk management face
strikingly similar challenges across extremely varied con-
texts, indicating encouraging potential for mutual learning.
Communication strategies are a key element to strengthen
emergency response capabilities, including private precau-
tion, for building capacities to better cope with future ex-
treme events, including the risks of failure of mitigation mea-
sures.
By providing new insights and novel methodological ap-
proaches to tackle these complexities, this special issue con-
tributes to advancements in the field of event-centred re-
search.
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